The asymmetric arylation of imines with aryl boronic acids was realized by using rhodium/chiral bidentate phosphoramidite ligand ((R, R)-N-Me-BIPAM). This method affords a direct access to chiral α-amino acids in good yield with high enantioselectivities.
Introduction
Arylglycines are a particularly important class of amino acids because they are components of a number of pharmaceutical agents, including glycopeptide antibiotics, the antibacterial agents, and the cardiovascular drug. [1] The synthesis of α-amino acids has been dominated by the Strecker reaction and variants thereof.
[2] Multicomponent reactions based on isonitriles (Ugi reaction) have also been developed but they are usually multistep and suffer from side reactions. [3, 4] The addition of arylboronic acids to imino acids via Petasis reaction is a powerful method for arylglycine synthesis. [5, 6] The asymmetric rhodium-catalyzed addition of arylboron reagents and arylstannanes to imines has been reported. [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] Recently, Ellman has reported an elegant method for the asymmetric synthesis of α-amino acids by the rhodium catalyzed addition of arylboronic acids to N-tert-butanesulfinylimine, which precedes in high yield with high diastereoselectivity for both electron-rich and electron-poor arylboronic acids. [20] [21] [22] [23] N-tert-Butanesulfinyl protected arylglycine derivatives have also been synthesized by the transition metal-catalyzed addition of arylboronic acids to N-tert-butanesulfinyl imino esters. [23] [24] [25] We recently reported a chiral N-linked C 2 -symmetric bidentate phosphoramidite ((R, R)-N-Me-BIPAM) [26] [27] [28] [29] was newly developed for the rhodium-catalyzed enantioselective addition of arylboronic acids to N-sulfonylimines.
This ligand achieved high enantioselectivities. [30] As part of our program to develop catalyzed reaction of organoboronic acids with rhodium or palladium catalyst, we wish to report synthesis of chiral arylgrycine derivatives by using enantioselective addition of arylboron reagents to imines (Scheme 1). 
Result and discussion
Furyl rings are excellent synthons of the hydroxycarbonyl group that allow various synthesis of amino acids. [31] [32] [33] [34] 40] However, attempts at arylation of imines with heteroarylboronic acids, such as 2-fulylboronic acid, were unsuccessful because of competitive B-C bond cleavage with water relative to addition reaction. This is attributable to the high coordination ability of heteroatoms to catalysts and slow transmetalation and insertion of electron-deficient heteroaryl rings. Thus, we recently developed tetracoordinated ate-complexes of boronic esters for metal catalyzed reactions in nonaqueous media. [35] [36] [37] [38] [39] [40] Initially, we chose arylation of N-tosyl-2-furylimine for synthesis of N-tosyl-aryl(furyl)amine (Table 1) . The Rh(acac)(C 2 H 4 ) 2 previously used for addition of arylboronic acids to N-tosylaldimines resulted in lower selectivities (75% ee, entry 1). [30] The reaction took place smoothly in DME at 50 °C for 16 hours in the presence of Rh(acac)((R, R)-N-Me-bipam) with 97% yield and 96% ee (entry 2). Results of the arylation of N-tosyl-2-furylimine with representative arylboronic acids at 50 °C in DME are summarized in Table 1 . High enantioselectivities were achieved in donating or withdrawing substituents at the boronic acids. Table 2 ). The best selectivity was obtained with lithium 5-methylfuryltriolborate (4c) (entry 3), whereas 2-furyboronic acid or 2-furyltriolborate resulted in lower selectivities than to that of 4c. Furthermore, no desired product was obtained with lithium 5-methoxyfuryltriolborate (4d) (entry 8). By further investigations of the reaction conditions was obtained finally in 62% yield and 99% ee using 3 mol% Rh(acac)(C 2 H 4 ) 2 /3.3 mol% (R, R)-N-Me-BIPAM in toluene (4 mL) at 100 °C for 16 h (entry 6). Lithium 5-methyl-2-furyltriolborate (4c) was smoothly added to N-tosyl-arylimines in moderate yields and with excellent enantiomeric excess under optimized conditions (Table 3 ). The furyl rings thus synthesized are excellent synthons of a carboxylic acid group in various synthesis of carboxylic acid. [31] [32] [33] [34] 40] Ozone is used for the oxidation of the furyl rings because a combination of RuCl 3 and NaIO 4 resulted complex mixture of several products. Thus, ozonolysis of 5h and 5m in methanol smoothly occurred at -78 ˚C to yield corresponding arylgrycine derivatives in 87% and 82% NMR yield, respectively (Scheme 2). 
Scheme 2.
For direct synthesis of arylglycines, then we tried to asymmetric addition of arylboronic acids to iminoesters. We investigated the reaction of ethyl N-tosyliminoacetate with phenylboronic acid in the presence of Rh(acac)(C 2 H 4 ) 2 (3 mol%) and (R, R)-N-Me-BIPAM (3.3. mol%) in DME at 50 °C for 16 h; the addition product was obtained in only 19% yield. PMP-protected iminoester could be synthesized in one step and in high yield from ethyl glyoxylate. [41] The resulting products could be deprotected under mild conditions using CAN. Moreover, the PMP-protected iminoester are more stable than their corresponding imines such as tosylimine. When ethyl N-p-methoxyphenyliminoester was used, the yield increased to 51%. Finally, the reaction took place smoothly in dioxane at 50 ˚C in the presence of 3.0 equivalent of phenylboronic acid with 74% yield and 96% ee (entry 4). High enantioselectivities were achieved in most arylboronic acids having donating or withdrawing substituents at the para or meta carbons. In addition, functional groups such as hydroxyl and amino group were tolerated (entries 10-12). 
Conclusion
In summary, we developed an efficient and highly enantioselective synthesis of arylglycines by using asymmetric addition of arylboronic acids to N-tosyl 2-furylimines or ethyl PMP-iminoester. Furthermore, asymmetric addition of lithium 5-methyl-2-furyltriolborate to N-tosyl aryl imines has been achieved with high enantioselectivities. We have demonstrated high efficiency of (R, R)-N-Me-BIPAM and lithium 2-furyltriolborate for enantioselective 1,2-addition to imines. With this catalyst system, a broad range of enantiopure arylglycines were easily prepared.
Experimental

Arylation of N-tosyl-2-furylimine
A flask was charged with Rh(acac)((R, R)-N-Me-bipam) (0.015 mmol, 3 mol%),
N-tosyl-2-furylimine (0.5 mmol) and arylboronic acid (0.75 mmol) under a nitrogen atmosphere. DME (2.0 mL) was added to the flask and the mixture was then stirred at 50 °C for 16 h, at which time the crude reaction mixture extracted using ethyl acetate, washed with saturated NH 4 Cl and brine, and dried over MgSO 4 . Chromatography of the crude reaction mixture on silica gel gave (S)-N-(2-(furanyl)(phenyl)methyl)-4-methylbenzenesulfonamide (5a) [14, 16, 18, 19, 30] 
Addition of lithium 5-methyl-2-furyltriolborate to arylimines
A flask was charged with Rh(acac)(coe) 2 (0.015 mmol, 3 mol%) and (R, (4-Methoxyphenylamino)(p-tolyl)acetic acid ethyl ester [43, 44] 97% ee, {lit. [43] :
4-Methyl-N-[(5-methyl-2-furanyl)(p-tolyl)methyl]-benzenesulfonamide (5l)
:
4-Methyl-N-[(5-methyl-2-furanyl)(4-trifluoromethylphenyl)methyl]-benzenesulfonamide (5p)
N-[(4-Bromophenyl)(5-methyl-2-furanyl)-methyl]-4-methylbenzenesulfonamide (5q)
Arylation of iminoesters
[α] D 20 -74.5 (c 0.92, CHCl 3 ) (96% ee); lit. [44] :
[α] D 20 -86.4 (c 0.4, CHCl 3 ) (93% ee)}.
(4-Methoxyphenyl)(4-methoxyphenylamino)acetic acid ethyl ester [43, 44] [43] :
[α] D 20 -70.9 (c 1.19, CHCl 3 ) (98% ee); lit. [44] :
[α] D 20 -86.9 (c 0.4, CHCl 3 ) (86% ee)}. [1, 3] 
5-Benzo
